Method of Performing Calibration and Quality Control of a Sensor and Apparatus 

for Performing the Method 

BACKGROUND OF THE INVENTION 
[0001] This application claims the benefit of U.S. provisional application No. 60/479,729 
that was filed on June 20, 2003, which is hereby incorporated by reference. 
Field of the Invention 

[0002] The present invention relates to a method of performing calibration and quality 
control of a sensor for determining a parameter in a test fluid as well as an apparatus for 
performing the method. 
Discussion of the Related Art 

[0003] Sensors for measuring a parameter in a test fluid are widely used in various 
fields of industries. Examples of industries are the food industry, the environmental 
industry and the medical and the clinical industry, in particular the clinical laboratory 
industry. 

[0004] In order to assure that sensor measurements are accurate it is required to 
regularly calibrate the sensors, i.e. to determine experimentally the correspondence 
between sensor responses and predetermined parameter values of the reference 
materials, usually by measurements on one or more reference materials. 
[0005] In many cases it is also required to regularly control the quality of the sensor 
performance, i.e. to verify experimentally that the sensor measurements are accurate 
and/or precise, usually by comparison of a measured parameter value of a reference 
material with an acceptance range of the same reference material. 
[0006] In the food industry such routines of calibration and quality control are performed 
for instance on sensors for assessing milk quality. In the medical and clinical industry 
such calibration and quality control routines are performed for instance on sensors for 
determining parameters in physiological fluids. 

[0007] DE 41 04 302 discloses a method of performing quality control and optionally 

calibrating a sensor for determining a parameter in a physiological fluid. According to 
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the method, the same volume of reference solution may be used to control and, if 
needed to calibrate a measuring cell. The advantage is that the same reference 
solution may be used both in measuring cells for determining the hematocrit value and 
in cells for determining physiological electrolytes. In the method, however, the same 
volume of reference solution is used for both calibration and quality control of the 
sensor, and therefore the method does not provide for an independent assessment of 
sensor performance. 

[0008]The general requirement for reference materials for performing calibration and 
quality control routines is, that the reference material used in quality control of a sensor 
must be different from the reference material(s) used for the calibration upon wh.ch the 
quality control is based in order to ensure that the quality control procedure provides an 
independent assessment of sensor performance. 

[0009] In the clinical and medical industry, legislation requires that sensors are exposed 
to quality control procedures in addition to regular calibration procedures. The quality 
control procedures must be performed often enough and covering a broad enough 
parameter range to be able to prove, at any time, that the sensor used is able to prov.de 
reliable data in its entire measuring range. This means that sensors must be checked by 
means of a system, which is independent of the normal calibration system of the 



sensor. 

[0010] It is accordingly recommended that in successive quality control cycles the 
quality of a sensor is controlled using a number of reference materials represent.ng 
different parameter levels (often low, middle and high). 

[0011]The same reference material may represent several different parameters at a 
time This way calibration and/or quality control may be performed on several sensors 
simultaneously using only one reference material. One level of one parameter may be 
combined with any level of other parameters. An example of such a reference material 
is found in US 5,910,445 disclosing quality control liquids for use in the quality control 
procedure of electrochemical measuring apparatuses for measurement on physiolog.cal 
liquids. 
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[0012]Further. US 4,701 .417 discloses calibration and control sera for use in l,p,d 
diagnosis. Solutions for calibrating and/or quality controlling sensors in blood gas 
analysers are disclosed in, for example, US 5,422,278 and US 5,910,445 In a cases 
the reference materials for calibration and the materials for quality control are descnbed 
as two separate groups of reference materials. 

10013] in automatic apparatuses for blood gas analysis it is standard procedure to use 
at least five different reference materials in the calibration and quality control of the 
respective sensors. An example is the blood analyser ABL™725 manufaotared by 
Radiometer Medical AS. In .his apparatus several different blood parameters are 
determined. It contains two calibration solution containers which are integrated ,n the 
apparatus and which need to be renewed approximately once a month. 
[0014,ln the ABL-725 blood analyser, the quality control may be performed manually 
by a specially .rained operator a. specific hours by aspirating reference solulior . ton an 
ampoule. After shaking and breaking open .he ampoule, it is provided w„h an adapter 
for attaching i. to the inlet upon which an automated quality control procedure ,s 

il™ ,e operator has obtained a measuring result, he or she must determine 
whether Ihe resul, falls within a certain acceptance range, which is given on an ,nsert 
, he ampoule. I. is recommended mat reference materials of a. leas, three drfferen. 
parameter levels are used. 

t 0015] Alternatively, the ABL™725 blood analyser may be provided with a module 
(AutoCheck™) for automatic aspiration of control fluid from an ampoule for qualrty 
control of the apparatus. With mis module, operator handling is reduced «o removing a 
holder from the apparatus, loading the holder with ampoules and reinsert^ ,1. This 
m us. be done approximately once a week. The operator s«l, needs to pay attenbon to 
the number of ampoules of each level .ha. he or she loads into .he holder. 
,0016]Thus, in .he known methods of performing calibration and qua* control of a 
sensor for determining a parameter in a test fluid, a subslantive number o, drfferen. 
reference materials are required. Also, the known methods require that a 
trained operator perform the quality control routine or at leas, once a week load a holder 
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with ampoules for automatic aspiration of quality control fluid. 

s1ff ...APV fir THF INVENTION 
[0017] One object of the invention is to provide a method of performing calibration and 
quality control of a sensor for determining a parameter in a test fluid in which method 
the number of reference materials may be reduced yet retaining the same preo,s,on and 
accuracy in the calibration and quality control of the sensor and yet fulfilling the 
requirement that the reference material used in the quality control is different from he 
reference material(s) used in the calibration upon which the quality control is based. 
[0018] Another object of the invention is to provide an apparatus for deferring a 
parameter in a test fluid in which the apparatus employs the method according o the 
invention for performing calibration and quality control of a sensor contained ,n the 

Zl jL-r object of .he invention is to provide a method and an apparatus which 
allow automated handling of the quality control procedure o, a sensor. Thus the requ.red 
maintenance and .he need for specially trained operators for operaflng such 
apparatuses is minimised. Moreover, .he risk of human error is minimised as well. 
[0020] Additional objects and advantages of .he invention will be set forth ,n tine 
description which follows, and in part will be apparent from the description, or may be 
.earned by practice of the invention. The objectives and other advantages of he 
invention will be realized and attained by the structure particularly pointed out ,n the 
written description and claims hereof as well as the appended drawmgs. 
,0021]The object is achieved by providing a method of performing calibration and 
quality control of a sensor for determining a parameter in a test fluid in which a 
calibration and quality control cycle is repeated, where .he cycle includes: perform.ng at 
leas, one calibration of the sensor using a reference material representing a parameter 
level of the parameter; performing a. leas, one quality control of the sensor, as 
calibrated, using another reference material representing another parameter level of the 
parameter than in the calibration step, and repeating the above steps for a. leas, two 
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cycles, wherein in one cycie .he reference materia, used in the quality control step was 
used in the calibration step of a previous cycle. 

i^One embodiment of the present invenflon has the advantage that . e numb r o, 
reference materials can be reduced by using the same reference matenals both or 

and me quality control and yet retaining the independence between the cal.brabon 

1 and the quality oontro, system. The only requirement is that the same referee 
Lena, ,s not used both in the quality oontro, step and in the calibration step upon 
which the quality control is based. 

™ reduction in the number of reference materials maKes « possible to reduce the 
the sensor the size of the apparatus may be reduced. 

iZe «* automated handling o, the quality control procedure of a sensor has me 
Tantage J the requirement o, specially trained operators for operabng such appara- 
t, .cp, a* well as the risk of human errors are minimised. 

oarameter Examples are fluids in food processing, such as beer. m„k and meat 
P ;"g fluids, and physioiogica, fluids, such as whoie blood, blood plasma, serum, 

cerebrospinal fluids, spit and urine. narameter 
[0 0261The parameter towards which the sensor may be specflc may be any parameter 

of interest, for example: 

viscosity, density, pressure, conductivity, and surface tension. 
Of particular interest are parameters of physioiogica, fluids such as 
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as oxyhaemoglobin, deoxyhaemoglobin, methaemoglobin. carboxyhaemoglobin 
ILogiobin and feta, haemoglobin, concentrations of m-** 
as glucose, creatinine, creatine, urea (BUN), uric acd, lacttc acd pyruv,c add. 
ascorbic acid, phosphate, protein, bilirubin, cholesterol, MB*"** 
phenylalanine and tyrosine, concentrations of enzymes, 
dehydrogenase (LDH), lipase, amylase, choline esterase, alkalme phosphatase. 

dCosphatasl, alanine amino transferase (ALAT), aspartate amino .ansferase 
(AS AT) and creaUnine kinase (CK), and concentrations of ligands, such as 
antibodies and nucleotide fragments. 
[0027] A sensor may include any kind of device of which some part, in the present 
context called .he sensing part, is capable either of selectively interacting w,t the 
chemical species of interest, thereby producing a well-defined and measurable 
response which is a function o, the desired characteristic of that chemical species, the 
desired characteristic thus being derivable therefrom, or of responding to a bulk 
property of a fluid, the response not being selecfive with respect to any specific 
chemical species, but being a function of the total concentration of one or more 
Z 1 s ecies in the iiguid, the desired characteristic thus being 
[0028,Re,evan, types of sensors are those adapted to determine any of the previously 
mentioned parameters, for example: 

potenfiometric sensors for use in agueous media, such as ,on-selec«,ve electrodes 
or specific measurement of the concentration o, selected ionic chem,ca. specs 
the response being in the form of an electric potential, amperometric sensors, such 
as sensors for the determined of oxygen partial pressure, whose response ,s in 
the form of an electric current, optical sensors, such as sensors producng a colour 
response to a particular chemical species, the response being measured 
spectrometries using reflectance or transmittance, and the colour response 
being a colour intensity or the decay of colour intensity, piezoelectric sensors^ 
thermometry sensors, pressure-change sensors, acousfic sensors, «V™*-* 
sensors employing an enzymatic reacfion and generating a response on , e has 
of any relevant physical principle, for example any of those principles employed ,n 
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the sensor types listed above; examples are enzyme-based thermistors and 
enzyme-based amperometric sensors for use in the measurement of 
ooncentrations of metabolio produots, e.g. gluoose, urea, oreatinine or lactate and 
affinity sensors oomphsing one moiety of an affinity pair, e.g. an anflgen/anflbody 
pair or two complement nucleotide fragments, the other moiety being the 
chemical species of interest. 
,00291The sensor may be of any design. Accordingly, both miniaturized, planar sensors 
L conventional sensors are suitabty calibrated and quality controlled by the method 
according to an aspect of the present invention. 

[0030]Sensors generally perform a conversion function to convert the energy form 
associated with the change occurring a. the surface of the sensing par. to electncal 
energy or electromagnetic radiant energy, the sensor response thereby be.ng 
registerable in the form of an electrical or optical signal. 

[0031]The measured sensor response may be a one-point measurement, an average 
of a slightly varying signal, a transient or an estimate based on a transient. ,. may be 
preferable to obtain several responses and use an average of these. 

0032lThe calibration of the sensor includes the experiment determinate o, th 
Lspondenoe between the sensor responses and predetermined parameter values of 
a reference materia,. Usually, the correspondence is found by obtaining sensor 
responses to one or more reference materials having predetermined parameter values 
and determining the correspondence between those. 

0033,Tne correspondence is most often expressed as a regression funCon calculated 
L the predetermined parameter vaiues and the corresponding sensor responses. 
Alternatively, if the measuring resuits are shown directly on a graduated scale, the 
graduated scale may be moved to show the predetermined parameter value of the 
reference material. 

[0 034]The correspondence determined in the above calibration is then use when a 
parameter in a test fluid is to be determined. Firs, a sensor response ,o .he .est 
obLed. Then .he sensor response is convened in,o a measured parameter value by 
using the correspondence determined. 
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[00351The conversion may be effected by programmed confro, means comprising an 
algoriL .0 provide a measured parameter vaiue. The aigorithm is adjusted ,n each 

calibration step. T . 
[00361Any number of reference materiais may be used in the calibrator, step. The 
Lblr o reference materia, which are reguired to obtain a reiiabie cal.brat, no 
sensor depend on the nature of fhe sensor and of the demands for accuracy and/or 
precision It is thus preferred to use reference materials represents one to five 
re parameter evels in the caiibrafion step. Two or three different levels ,s more 

esult and at the same time limits the number of different reference mater. Is. For some 
Tensors,., many biosensors.it is however reguired to use four or five reference 
materials to obtain sufficiently reliable results. 

Tzn I, may be suffice to initially calibrate the sensor once using more than one 
!T1 materia,. Any subseguent calibrations may then be performed using only one 
reference material and is simply used to correct the previously determined 
^Zndence between sensor responses and predetermined parameter values. 
^However many sensors need to be calibrated regularly and often using reference 
Z eis representing at leas, two parameter levels. A calibration using reference 
trials representing more than two parameter levels may in some cases provide a 
I : Iral. For instance, oximetry modules are often calibrated in one 

point, many ion selective sensors in two points, and many enzyme sensors ,n three 

fa. o, fhe reference materials used in the calibration o, the sensor may be a 

hi*nk That is it may represent a parameter level of "zero . 
rirual^n^l of thesensorincludesfhe experimental verificafionthafthe 
lor measurement are accurate and/or precise. Usually such version ,s 

reined by denning ^•^^~"'Z£Z£ 
s wifhin an acceptance range thereof. The measured parameter value o, the e^ence 
Uriel is obtained by converting the sensor response into the measured parameter 
Is usin-9 a calibration correspondence as described above. ,. is then determined 

o 
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whether the measured parameter value is within the acceptance range of .he reference 

To^The acceptance range is generally centered around a predetermined parameter 
value. The limits of the range depend, e.g., on sensor variation, on the variation when 
determining the predetermined parameter value of the reference materials for both the 
quality control and the calibration and/or demands for accuracy and precision. 
l0 042]The calibration and quality control cycle includes one calibration and one qua ty 
control where the correspondence determined in the calibration is used in the cycle for 
converting the sensor response to the reference material of the quality control ,nto a 
measured parameter value. 

; 0 43,ln the method, a,, reference materials may be used in each calibration and qua, 
control cycle, or a selection among the total number of reference materials may be -d 
in each cycle. The only demand is that the total number of reference matenals at least 
equals the number of quality control levels desired. 

,00441There is no demand as to any time interval between the calibrate and the 
quality control, nor to the time interval between two cycles. If it is desired to control 

materials, the qualKy control should preferably be performed fairly shortly «. 
calibration upon which the quality control is based. If it is des.red to control the nn of 

based should preferably be performed a. the beginning of the period and the quality 
control at the end of the period. 

[00451Between one cycle of calibration and quality control and a prev,ous cycle of 
calibration and quality control supplementary calibrations and/or quality controls may be 
performed on the same or different reference matenals. 

[0046] A previous cycle denotes a cycle, which is carried out any number of cycles 
before the cycle in question. 

,00471The order in which the individual steps of the method are performed ,s not 
Lportant. The only demand is tha, the correspondence of the calibration upon wh.ch 
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the quality control is based must be obtained before the measured parameter value may 
be obtained in the quality control. 

[0048] A reference material includes a material representing an exact parameter value. 
I, is preferred that the reference material retains a constant value for an extended penod 
of time. Reference materials for use in the same cycle must be prepared independently 
of each other in order to provide an independent assessment of sensor performance. 
[0049] Such reference material preferably has a predetermined parameter value. Th,s 
may be the experimental determination of the parameter value itself, or it may be the 
same adjusted to take into account various systematic errors in the measuring method. 
Examples of such errors affecting systematically the measured result are the nature of 
me test fluid and the apparatus and the sensor with wbich the (est fluid is analysed as 
well as residues near the sensor surface and measurements performed before equrlrb- 
rium is obtained at the sensor surface. 

[0050]Since the procedure of performing the calibration may deviate from that of the 
quality control, one reference material may have one predetermined parameter value for 
use in the quality control and another predetermined parameter value for use ,n the 
calibration, the two values taking into account different systematic enors. 
[0051] A reference material may be referred to as representing or having a parameter 
level This level is to be understood as an approximate parameter value of a g,ven 
reference materia,, the exact parameter value lying in the neighbourhood of the level. 
[0052]The reference materials may be in fluid or solid form and contain or mim.c any of 
the parameters mentioned earlier. If in fluid form, the reference materials are preferably 
provided in sealed containers. 

[0053] in apparatuses designed for analysing fluids, it is preferable that the reference 
materials are fluids, for example a liquid, a gas or a combination thereof. 
[0054] If the reference material is a fluid, the fluid may also contain constituents hav.ng 
a rinsing action. Thus a separate rinsing or cleaning solution may be omitted or used 

more rarely. . 
[0055]For some optical sensors the reference materials may be a solid bnck or filter 

comprising a colour inducing material. 
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[0056] in a full calibration and quality control routine, the cycle is repeated until all 
available reference materials have been used at least once for the quality control of the 
sensor performance. Thus the performance of the sensor is controlled at alt the dflerent 
parameter levels in one routine providing a more reliable quality control of the sensor. 
[0057]Preferably this routine is systematically repeated, making the method even more 
suitable for being automatically performed. 

[0058]The correspondence determined in the above calibration step may be a first 
calibration for performing the quality control of the sensor. Subsequently, a second 
calibration may be performed in the same cycle based on the same reference mater* 
as were used in the first calibration and the quality control. The correspondence of the 
second calibration may then be used when a parameter in a test fluid ,s to be 
determined. 

[0059] By doing this, a second calibration is obtained which includes one more 
calibration point than the first one without increasing the total number of reference 
materials. Such calibration provides in some cases measured parameter values w,th 
,ess venation than the firs, calibrafion does, for instance in many blood measurements. 
[0060]The second calibration may be performed in various ways. In one embedment, a 
cyde comprises obtaining sensor responses to the reference materials used in the firs, 
calibration step and the quality centre, step, obtaining a further sensor response to he 
reference materia, used in the quality control step, and performing a second calibrafion 
based on the sensor responses obtained in the first calibration step and on the further 
sensor response obtained. This embodiment is preferred if the procedure of performs 
the quality control measurement is different from the procedure of performing the 
calibration measurement. 

[0061] According to another embodiment the second calibrafion is based on the sensor 
responses obtained in the firs, calibration step and in the quality control step. Thus the 
step of performing Ore second calibrafion only includes performing a second calcula on 
of the correspondence between sensor responses and predetermined parameter values 
not a second round of measurements. 
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[0062]The introduction of a step of performing a second calibration into a calibration 
and quality control of a sensor, even without the previously described cyclic use o the 
reference materials, may result in a reduction in the use of reference materials if the 
same reference materials are used in the second calibration as were used in the first 
calibration. 

[0063] Accordingly the object may further be achieved by providing a method of 
performing calibration and quality control of a sensor for determining a parameter ,n a 
test fluid, that includes: performing a firs, calibration of the sensor using a reference 
material representing a parameter level; performing a quality control of the sensor as 
calibrated using a reference material representing another parameter level than ,n the 
calibration step; and performing a second calibration of the sensor using the same refer- 
ence materials as were used in the steps of performing the flrs. calibration and the 

moe'Soneernbodimen. of the present invention has the advantage that the number of 
reference materials can be reduced by using the same reference materials in a second 
calibration as were used in the flrst calibration and quality control purposes wrthout 
reducing the quality of the calibration and the quality control and yet retaining the 
independence between the calibration system and the quality control system. An 
improved calibration is obtained without using any supplementary reference matenals. 
[0065] A reference material may represent more than one parameter. Thrs ,s an 
advantage if it is desired to determine several different parameters in one sample o test 
fluid and thus to calibrate or quality control more than one sensors simultaneously. If the 
reference material represents different parameters at various relevant levels * ,s 
possible to calibrate or quality control all sensors at one level in one operate Many 
automatic analysers perform simultaneous multi analyte determination of a test u,d. 
One example is a blood analyser, sue* as the above-mentioned ABL™725 blood 
analyser. 
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ro066]The total range of the parameter levels of the reference materials should ,n the 
present method essentially oover the specified measuring range of the sensor. Th,s ,s ,n 
order to ascertain that the measurements are reliable in that range. 
[0067] Also, the distribution of the respective parameter levels of the various reference 
materials within the total range may influence the reliability of the quality control. If the 
correspondence determined in the calibration is used for conversion of a sensor 
response into a measured parameter value that lies outside the calibration range, the 
uncertainty of the determination will be greater the farther away from the ca,ibrat,on the 
measured or predetermined parameter value is. 

pioeqif in a cycle the parameter levels of the reference materials used for perform.ng 
me calibration upon which the quality control is based define a calibration range and 
ft. parameter levels of all the reference materials used in the cycle deflne a total range, 
i, is preferred that the calibration range is at least one fourth of the total range. It ,s 
particularly preferred that the calibration range is at least one third of the total range. 
[0 069]One embodiment of the present invention is particularly suitable for performrng 
calibraflon and quality control o, a sensor for determining a blood parameter, srnca , 
fulflls the legal requirements to calibration and quality control in the dm* field, ,s rel,- 
able and requires only limited maintenance from the operator and not at specific hours 
of the day. It will often be sufficient to renew the containers of reference fluid once or 

twice a month. , 
[OOTOlFurther the containers may be provided in a cartridge and thus can be renewed 
Lou, the operator having any prior Knowledge as to the choice o, containers or to the 
correct connection of the containers to the apparatus. 

,0071lThe method and apparatus of the present invention may be used in a number of 
different settings including, for example, an industrial laboratory, a clinic or hospttal, a 
research center, and university. Besides the normal use of the apparatus in such 
settings, the method according to the present invention may also be practtced dunng 
the manufacture, testing, sale, and installation of the apparatus. 
[0072]Thus, according to a preferred embodiment of the invention the parameter to be 
determined is a blood parameter, such as pH, pC0 2 and p0 2 , electrolytes such as L, , 
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Na + , K + , Ca ++ , Mg ++ , CT. HC0 3 ' and NH 4 + , haemoglobin, haemoglobin derivatives, Hct, 
or metabolic factors, such as bilirubin, glucose, lactate or creatinine. 
[0073] According to another aspect of the present invention, an apparatus is prov.ded 
for determining a parameter in a test fluid that includes: a sensor for obtaining a 
response to the parameter in the test fluid; reference materials representing at least two 
different parameter levels of the parameter; and a programmable device for controlling 
the functioning of the apparatus, wherein the programmable device performs calibrate 
and quality control of the sensor for determining the parameter in the test fluid in wh.ch 
a calibration and quality control cycle is repeated, the cycle includes the steps of 
performing at least one calibration of the sensor using a reference material represent.* 
a parameter .eve! of the parameter; performing at least one quality control of the sensor, 
as calibrated, using another reference material representing another parameter level of 
the parameter than in the calibration step, and repeating the above steps for at least two 
cycles, wherein in one cycle the reference material used in the quality control step was 
used in the calibration step of a previous cycle. 

[0074] One embodiment of the present invention has the advantage that the number of 
reference materials may be reduced yet retaining the same precision and accuracy m 
the calibration and quality control and yet fulfilling the requirement that the reference 
material used in the quality control based upon a calibration is different from the 
reference material(s) used in the same calibration. 

[0075]A reduction in the number of reference materials makes it possible to reduce the 
storage space for reference material. Inside the apparatus the storage requirement may 
also be reduced, thus reducing the size of the apparatus. 
[0076] Further, the method according to one embodiment of the present invent.on 
provides a fully automated quality control routine, thus minimising the maintenance 
requirements and need for specially trained operators for operating such apparatuses. 
Also the risk of human error is minimised. 

[0077]The terms parameter, test fluid, sensor, and reference material are to be 
understood as having the same meanings as explained above. 



14 

l-WA/2064319.1 



[0078]The sensor response may include the energy formed in association with the 
change occurring at the sensing surface or the energy converted into electrical energy 
or electromagnetic radiant energy which is registerable by conventional converters. 
[0079]The programmable device carrying out the functions and operations of certa.n 
aspects of the present embodiment may include, for example, a microprocessor or 
parallel processor, a memory bus, random access memory (RAM), and read only 
memory (ROM). The processor may be a general purpose digital processor wh.ch 
controls the operation of the programmable device. Using instructions retrieved from 
memory the processor controls the reception and manipulation of input data and the 
output and display of data. However, those skilled in the art will appreciate that the 
method and system of the present invention may be advantageously implemented m a 
variety of hardware configurations. 

[0080]The function and operation of the apparatus which the device may be 
programmed to control includes, for example, control of the means for exposing the 
sensor to test fluid and reference material and recording and processing of sensor 
responses. The processing of sensor responses may, for example, include determ.n.ng 
a calibration correspondence on the basis of recorded sensor responses corresponding 
to calibration material(s), comparing a recorded sensor response corresponding to a 
quality control material with a calibration correspondence, and obtaining measured 
parameter values from recorded sensor responses on the basis of a determined 
calibration correspondence. 

[0081]To process a sensor response of the sensor into a measured parameter value, 
the apparatus preferably comprises an operational amplifier for amplifying and 
converting the sensor response as well as an appropriate algorithm and software for 
executing the processing of the signal. The choice of an amplifier for amplifying the 
sensor response naturally depends on the nature of the sensor. The algorithm for 
converting the amplified sensor response into a measured parameter value may 
comprise the correspondence determined in the calibration and appropriate adjustments 
taking into account diverse systematic errors in the measuring method. Examples are 
given above. 
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[0082] The apparatus according to one embodiment of the present invention will in 
general also comprise means for exposing the sensor to the test fluid, means for 
exposing the sensor to the reference material and means for reporting a measured 
parameter value. 

[0083]To expose the sensor to the test fluid, the apparatus may, for instance, compr.se 
inlet means for introducing the test fluid into the apparatus. The inlet means may be 
designed to receive the outlet opening of a sample container such as a syringe or a 
capillary or a specially designed sample container. 

[0084]The apparatus may further comprise an inlet probe for aspirating the sample of 
test fluid into the apparatus. Alternatively, the inlet may lead directly to a measuring 
chamber The inlet or the inlet probe may be in fluid tight communication with a conduit. 
The conduit may comprise measuring chambers. It is preferably a tubing or a channel 
providing a fluid-tight path for transport of fluid through the conduit. The fluid may be 
transported through the conduit by means of a pump. 

[0085]The sensor is exposed to the test fluid, either directly in the conduit or in a 
measuring chamber. The exposure of the sensor to the test fluid may be a direct 
physical contact between the sensing surface and the test fluid or it may be an .nd.rect 
contact, the wall of the conduit or the measuring chamber separating the sensing 
surface from the test fluid. If optical sensing methods are employed, this part of the wall 
should be transparent to the type of radiation used. 

[0086]The reference materials may be of the nature described above and may, for 
example, contain any of the parameters mentioned earlier. A total of two or three 
reference materials are preferred, but one or more further reference materials for 
calibrating the sensor may be included. 

[0087]To expose the sensor to the reference material, the apparatus may include the 
same or similar components used to expose the sensor to the test fluid, as discussed 
above. It should however also include a mechanical device, which is capable of mov.ng 
reference material from a storage location to a location providing operational 
communication between the sensor surface and the reference material. If the reference 
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materials are fluid the device is preferably a pump. If they are solid the device is 
preferably a robot arm or similar device. 

[0088]To report a measured parameter value, the apparatus may for example include a 
scale, a display, a printer, or a digital voice reporting the measured parameter value 
obtained from the processing means. 

[0089]The apparatus may comprise more than one sensor. Preferably each sensor is 
specific towards one of the above-mentioned parameters. 

[0090] The sensors may be miniaturized planar sensors. These may be located in a 
cassette for simultaneous renewal of all sensors. 

[0091]The parts of such an apparatus being in contact with test fluid and/or reference 
fluid are often referred to as belonging to the wet section of the apparatus. This wet sec- 
tion may be an integral part of the apparatus or it may be provided in the form of a 
separate unit such as a cassette. The cassette may comprise several measuring 
chambers and/or sensors. 

[0092] Preferably all the reference materials are located in a cartridge. Thus instead of 
changing one reference material at a time, two or more reference materials may be 
renewed in one operation. This provides a more user-friendly renewal of reference 
materials, particularly if the reference materials are fluids provided in conta.ners. The 
cartridge may also contain a waste container into which the used reference materials 
and the used samples of test fluid are discarded. 

[0093] When a parameter level of a test fluid is to be determined a sample of the test 
fluid is introduced into an apparatus as described above and the analysis of the sample 
is performed automatically. The reported measured parameter value is obtained from 
the apparatus. 

[0094]The apparatus according to the present embodiment is preferably a blood 
analyser. 

[0095] It is to be understood that both the foregoing general description and the 
following detailed description are exemplary and explanatory and are intended to 
provide further explanation of the invention as claimed. 
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rpiff nFSHRIPTION OF THE DRAWINGS 

[0096]The accompanying drawings, which are included to provide a further 
understanding of the invention and are incorporated in and constitute a part of this 
specification, illustrate embodiments of the invention and together with the description 
serve to explain the principles of the invention. 
[0097] In the drawings: 

[0098] Fig. 1 is a schematic drawing of the modified wet section of an automatic blood 
analyser according to one embodiment of the present invention; and 
[0099] Fig. 2 is a chart representing the first calibration curve and corresponding quality 
control as well as the second calibration curve for a pH sensor. 

nFTAll FD nESCRIPTIHM OF THE PRF ^***" EMBODIMENTS 
[0100] Reference will now be made in detail to the preferred embodiments of the 
present invention, examples of which are illustrated in the accompanying drawings. 
[0101] According to a preferred embodiment of the invention the method of performing 
calibration and quality control of a sensor is applied to a blood analyser having a wet 
section as shown in Fig. 1 . 

[0102] In Fig. 1 an inlet module 1 provides test fluid access to the apparatus. The inlet 
module 1 comprises an inlet gasket 2 provided with a cone for receiving the Luer of a 
syringe and a cone for receiving a capillary. A channel is leading from the cones 
through the gasket 2 to an inlet probe 3. If a syringe containing test fluid is connected to 
the inlet gasket 2, the inlet probe 3 may be displaced into the syringe and a sample of 
test fluid aspirated into the apparatus. The inlet gasket 2 is further provided with a 
tubing 4 and pump 5 for collecting any sample spills into a waste container 10. 
[0103]The sample is transported through the tubing 6 to a measuring section 7 by 
means of pumps positioned after the measuring section, the pumps being represented 
by the pump 8. The measuring section 7 is thermostatically controlled at 37 °C. The 
measuring section 7 comprises sensors selective towards pH, C0 2l 0 2 , CI, Ca, Na, K, 
glucose, lactate sensors, a reference sensor, and an oxymetry module. 
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[0104]After analysis the sample is transported through the tubing 9 by means of the 
pump 8 to the waste container 10. 

[0105]The wet section further comprises a liquid cartridge 14 containing reference fluid 
containers 11, 12 or 13, tubing 15, a pump 16, and an air inlet 17. 
[0106] When a calibration or quality control measurement is performed, a sample of 
reference fluid is transported from one of the respective reference fluid containers 1 1 , 
12 or 13 contained in the liquid cartridge 14 through the tubing 15 to the measuring 
section 7 by means of the pumps 16 and 8. After analysis the sample is transported to 
the waste container 10 as described above. 

[0107] After each measurement a rinsing procedure is performed. The measuring 
section 7 is flushed with one of the reference fluids 1 1 , 1 2 or 1 3 further comprising 
components with rinsing action. The air inlet 17 is used for introducing air bubbles .nto 
the stream of calibration solution when a rinsing procedure is performed. This prov.des 
a better cleaning action. 

[0108] in the following non-limiting example, reference fluids are prepared as described 
in US 5,910,445. The compositions are as follows: 
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[0109]The above compositions provide reference fluids with predetermined parameter 



Parameter 


Ref. 1 


Ref. 2 ^ 


Ref. 3 


Unit 


pH 


7.200 


6.800 


7.600 




pC0 2 


30.0 


70.0 


10.0 


mmHg 


p0 2 


170.0 


90.0 


50.0 


mmHg 


cK + 


4.0 


7.0 


2.0 


mmol/L 


cNa + 


140.0 \ 


90.0 


a on (\ 

loU.U 


mmol/IL 


cCa ++ 


0.8 


1.65 


0.40 


mmol/L 


ccr 


100.0 


65.0 


130.0 


mmol/L 


cG\u 


0 


15 


7 


mmol/L 


cLac 


0 


8 


4 


mmol/L 


fHb 


0 


9 


12 

^ /DD\/\ nf rpfp 


mmol/L 
$rfince fluid* 



Table 2: P 
purposes. 
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[0110]The acceptance ranges of these reference fluids for quality control purposes are 
as follows: 



Parameter 


Ref. 1 


Ref. 2 


Ref.3 


Unit 


pH 


7.163-7.203 


6.785 - 6.825 


7.560 - 7.600 




pC0 2 


26.4 - 32.4 


61.8-71.8 


8.8-12.8 


mmHg 


p0 2 


158 -178 


82 - 102 


55-75 


mmHg 


cK + 


3.3-3.9 


6.0 - 6.6 


1.7-2.3 


mmol/L 


cNa + 


125-134 


75-85 


163-168 


mmol/IL 


cCa ++ 


0.69 - 0.89 


1.48-1.68 


0.33 - 0.53 


mmol/L 


ccr 


90 -102 


61.0-73.0 


120-132 


mmol/L 


cGlu 


0-1 


13.1-15.1 


5.4 - 7.4 


mmol/L 


cLac 


0-1 


6.4 - 7.4 


2.7 - 3.7 


mmol/L 


fHb 


0-0.6 


8.4 - 9.6 


11.3-12.7 


J mmol/L 



j^T^^^ (PPV) of reference fluid! tor qlSity^Sol purposes 



[01111 A first cycle of calibration and quality control is initialised by running an analysis 

of each of the three reference fluids Ref. 1 , Ref. 2 and Ref 3. 

[0112]The wet section including measuring chambers is flushed with reference flu.d 

Ref 1 in an amount corresponding to approximately twice the volume of the wet 

section. The wet section is filled again upon which sensor measurements are recorded 

every second for 30 seconds. This is a calibration measurement (Cal). 

[0113]The above is repeated with Ref. 2. 

[0114]Then the wet section is filled once with a sample of reference fluid Ref. 3 and 
sensor measurements are recorded every second for 30 seconds. The wet section ,s 
then flushed with reference fluid Ref. 3 in an amount corresponding to approx.mately 
the volume of the wet section. The wet section is filled again with Ref. 3, and sensor 
measurements are recorded every second for another 30 seconds. The first of the 
measurements is a quality control measurement (QC) and the second measurement .s 
a calibration measurement (Cal). 
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[0115] After approximately eight hours the above cycle is repeated except that the 
double measurement is performed on Ref 2. After another eight hours the above cycle 
is repeated except that the double measurement is performed on Ref 1 . 
[01 16] In the following, the example is explained only with regard to the parameter pH. 
However the results of the measurements of any of the other parameters may be 
processed similarly. The obtained measured parameter values of pH are: 





Ref. 1 


Ref. 2 I 


Ref. 3 


Ref. 1 I 


Ref. 2 I 


Ref. 3 




QC measurements 


calibrate 
measurc 


Dn 

sments 




Cycle 1 






7.575 


7.195 


6.804 


7.602 


Cycle 2 




6.805 




7.200 


6.800 


7.601 


Cycle 3 


7.189 






7.205 


6.798 


7.605 



[0117] In cycle 1 a first calibration is obtained by estimating the correspondence 
between the predetermined parameter values (PPV) and the measured parameter 
values (MPV) of Ref. 1 and Ref. 2. The measured QC parameter level (MPV) of Ref. 3, 
which is obtained using the first calibration, is then compared to the assigned parameter 
level (PPV) with acceptance limits. This is depicted in Fig. 2. 
[0118]As shown in Fig. 2 the QC parameter level of pH is within the acceptance limits 
and the quality control is accepted. 

[0119]Subsequently, a second calibration is obtained based on all three calibration 
measurements, which second calibration may be used in determining measured 
parameter values of a test fluid. This second calibration curve is also depicted in Fig. 2. 
[0120]The results of the two other cycles may be processed similarly. All quality 
controls fall within the acceptance limits as can be deduced from table 4. 
[0121] If three reference materials are used, the full routine of calibration and quality 
control comprises at least three cycles. The reference materials may be combined in a 

22 

l-WA/2064319.1 



number of ways. A few combinations are exemplified below. The cycles A, B and C may 
be performed in any order. 



Cycle number 


Ref. 1 


Ref. 2 


Ref. 3 


A 


QC 


cal 


cal 


B 


cal 


cal 


QC 


C 


cal 


QC 



. „ ^ ^1 ^« *-\ l\iir\ r\r> 


cal 1 

int oolihratinn 



Cycle number 


Ref. 1 


Ref. 2 


Ref. 3 


A 




QC 


cal 


B 


cal 




QC 


C 


QC 


cal 





is a "dummy". 



Cycle number 


Ref. 1 


Ref. 2 


Ref. 3 


A 


QC 


QC 


cal 


B 


cal 


QC 


QC 


C 


QC 


cal 


QC 



ion in one 



point. 



Cycle number 


Ref. 1 


Ref. 2 


Ref. 3 


A 


cal 


QC 


cal 


B 


cal 




QC 


C 


cal 


cal 

o nroforroH that 1 


hp aualitv control 



two-point calibration, in others a one point calibration is sufficient. 
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[01221 If more than three reference materials are used in the method, a further 
calibration point may be introduced and/or a second quality control may be performed. 
Optionally, some cycles of a full routine of calibration and quality contro, may include the 
further reference material(s) whereas they are left out in other cycles. 
[0123]lf four reference materials are used, the full routine of calibration and qualrty 
control comprises at least four cycles. The reference materials may be combined 
number of ways. A few combinations are exemplified below. The cycles A, B, C and D 
may be performed in any order. 



Cycle number 
"A 



B 



Ref. 1 
cal 



cal 



cal 



Ref. 2 
cal 



cal 



QC 



QC 



cal 



Ref. 3 
cal 



QC 



Ref. 4 
"QC 



cal 



cal 



cal 



cal 



cal 



Table" 9. In all cycles a three-po.nTcaiibTatio^^ 



Cycle number 



A 



Ref. 1 



cal 



C 

Table 10. Four reference 
is a "dummy' 



cal 
QC 



Ref. 2 



QC 



Ref. 3 



cal 
cal 



cal 
QC 



Ref. 4 



cal 
cal 



cal 



QC 



SeTialslTre used, but in every cycle one"7ele7e7ice material 
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Cycle number 



B 

~C 
~D 



Ref. 1 



cal 



cal 
cal 

~QC 



Ref. 2 
~QC~ 



cal 
cal 



Ref. 3 
cal 



QC 



cal 



Ref. 4 
cal 



cal 
"QC 



TabWli^ areas of me ^mv TSpSZSiStt-r** ^rauon is 
performed, in others a two-point calibration is sufficient. 

[0124J It will be apparent to .hose skilled in the art that various modifications and 
ariations can be made in the method and system o, the present 
departing from .he spirit or scope of .he invention. Thus, i. ,s .mended .ha, the present 
invlon cover .he modifications and variations of this invention provided they come 
within the scope of the appended claims and their equivalents. 
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